monoaromatic acids, polycyclic monoaromatic acids and alkylnaphthalenes were the most toxic.
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8
After 48 h exposure, media was removed from cells targeted for EROD analysis, where upon the 1 cells were frozen and stored at -80 o C until further analysis. Cells to be targeted for cytotoxicity and 2 Vtg analysis were re-exposed for additional 48 h. At the end of the 96 h exposure period, 100 µL 3 growth media from each well was transferred to Maxisorp Nunc-immunoplates (Nunc, Roskilde, 4 Denmark), sealed with sealing tape (Nunc, Roskilde, Denmark) and frozen at -80˚C for subsequent 5 analysis of Vtg. The cytotoxicity was measured directly in the microplate wells at the end of the 6 exposure period. 
Cytotoxicity determination 9
Cytotoxic effects were measured as decrease in metabolic activity and/or membrane integrity 10 essentially as described by Schreer et al. (2005) using the two probes: Alamar blue (AB) and 5-11 carboxyfluorescein diacetate acetoxymethyl ester (CFDA-AM). The AB probe is reduced to a 12 fluorescent form of the probe by cellular oxidoreductases and the mitochondrial electron transport 13 chain once taken up in cells (Goegan et al., 1995; Page et a., 1993) . The CFDA-AM probe is in its 14 original form virtually non-fluorescent, but is converted to a measurable fluorescent product by 15 intracellular esterase activity (O'Connor et al., 1991) . For both probes, a reduction in fluorescence 16 is considered a measure of cell damage by interference with metabolic activity (AB) or membrane 17 integrity (CFDA-AM). In brief, the exposure media was replaced with Tris buffer (50 mM, pH 7.5) 18 containing 5% AB and 4 µM CFDA-AM after 96 h exposure. Plates were incubated in the dark at 19 room temperature on an orbital shaker (100 rpm, 30 min) and fluorometric readings were 20 performed with a Victor V 3 multilabel counter (Perkin Elmer, Waltham, MA, USA) using "This is the author's accepted manuscript. The final published version of this work (the version of record) is published by Elsevier in Aquatic Toxicology. This work is made available online in accordance with the publisher's policies. Please refer to any applicable terms of use of the publisher."
9 viability was expressed relative to the solvent control (100% cell viability) and the positive control 1 exposed to 0.01 M CuSO4 (maximum loss of viability, 0%). thawed for a minimum 4 h at 4˚C before 100 µl standards (rainbow trout Vtg) was applied to 19 assigned (empty) wells and the plates were further incubated overnight (16 h) in the dark at 4˚C.
20
Vitellogenin capture ELISA was performed with the monoclonal mouse anti-salmon Vtg (BN-5, "This is the author's accepted manuscript. The final published version of this work (the version of record) is published by Elsevier in Aquatic Toxicology. This work is made available online in accordance with the publisher's policies. Please refer to any applicable terms of use of the publisher."
Data analysis

9
The measured endpoints were all expressed relative to the negative and positive controls as 
18 19 The quality of the fit was determined and R 2 values > 0.7 were considered indicative of a good 20 model fit (Lundstedt et al., 1998 A principal component analysis (PCA) was applied to identify correlations between hydrophobicity 5 (LogKow), chemical grouping (see Table 2 ), predicted baseline toxicity in fish (LC50, see effect and 6
MoA predictions below) and the observed cytotoxicity to primary rainbow trout hepatocytes significant changes in any of the parameters tested compared to non-exposed cells. The predicted LC50s for baseline toxicity and evaluation of whether these were within the 13 applicability domain of the QSAR model in fish are given in Table 2 . The predicted LC50s for fish 14 varied by more than five orders of magnitude and ranged from 37 nM to 12 mM for the compounds 15 investigated. The compounds with highest predicted toxicity to fish were the polycyclic 16 monoaromatic acids, whereas the monocyclic di-acid and monocyclic tri-acid had the lowest 17 predicted toxicities of those tested. The chemicals which were predicted as least toxic of the 22 18 compounds were camphoric acid and 1,3,5-tricarboxylic acid.
20
Concentration-dependent reductions in metabolic activity and membrane integrity in exposed 21 primary hepatocytes occurred at fairly similar concentrations for most chemicals ( activity), the order of potency was 4-(4-n-BCH)BA > 4-(4-s-BCH)BA > 7-CH-1-iAT > 4-(4-i-
1,3,5-tricarboxylic acid (Table 2) .
The most cytotoxic compounds belonged to aliphatic monocyclic acids, alkylnaphthalenes,
10
polycyclic monoaromatic acids and monoaromatic acids. Low cytotoxicity was generally 11 associated with aliphatic monocyclic acids, monocyclic di-acids and thiophenic acids.
12
Alkylnaphthalenes exhibited both low and high cytotoxicity, thus illustrating that toxicity was 13 compound-specific in some cases.
15
For six of the tested compounds, no EC50 could be predicted due to lack of toxicity at the 16 concentrations tested (<1 mM). The ECOSAR predicted toxicity (LC50) of these six compounds to 17 fish ranged from about 20 µM to 5 mM ( (Table 2) . However, the other monoaromatic thiophenic carboxylic acids, 9 polycylic monoaromatic hydrocarbons and monoaromatic acids did not induce any EROD activity, 10 thus indicating that the activity was compound-specific. However, reduced EROD-activity at high 11 concentrations was associated with cytotoxicity (>20%) for many of the compounds (Figure 1 ).
12
The EC10 values for EROD induction could only be obtained for two compounds (R 2 >0.7); 3- (Table 2) .
16
Vitellogenin induction
17
The secretion of Vtg, a measure of activation of the ER and cellular production of Vtg, was assessed 18 for all 22 investigated compounds. Of the compounds tested, the two compounds 2,6-DMN and 6-
19
CHT induced more than 20% Vtg production compared to the positive control (Figure 3 ). Only 6-
20
CHT displayed a clear concentration-dependent response up to 0.1 mM, where a sharp reduction 21 in Vtg production due to cytotoxicity occurred. Hepatocytes exposed to 2,6-DMN did not elicit a swelling, affecting the cell membranes, metabolic activity, and disruption of mitochondrial and 6 lysosomal integrity (Tollefsen et al., 2012; Chao Li, 2014) . Although the MoA has not been studied 7 in detail, increase in the membrane fluidity by disruption of the cell membrane lipid bilayer leading 8 to cell death has been proposed for narcotic chemicals (Chao Li, et al., 2014) . The present study 9 measured cytotoxicity as disruption of membrane integrity and the metabolic activity dependent 10 on oxidoreductase and the mitochondrial electron transport chain, and the results were fairly
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11
consistent between the two endpoints tested. Metabolic activity seemed to be slightly more 12 sensitive than disruption of membrane integrity, however. It is expected that effects on the The present study reports novel findings of induction of EROD activity after exposure to individual material, compared to fish exposed in a demonstration pond and reference lake (Arens et al., 2015) .
17
In addition, increased CYP1A1 gene expression was observed in Walleye (Sander vitreus) embryos Induction of Vtg has been associated with adverse endocrine-mediated effects in fish and mammals 10 such as feminization and reduced growth, reproductive success, and fecundity, (Colborn et al., 11 1993; Janošek et al., 2006; Sumpter and Jobling, 1995 et al., 2012; Scarlett et al., 2012; Wang et al., 2015) . A selection of the UCM-related 17 compounds tested in the present study was therefore anticipated to be at least partial ER agonists,
18
as having structural resemblance to NAs proposed to interact with the ER (Scarlett et al., 2012) .
19
The hydrocarbon 2,6-DMN, which is easily resolved and identified in petroleum mixtures by GC-20 MS, is not considered an UCM compound per se. Nevertheless, it is structurally similar to many 21 of the hundreds of unresolved branched alkylnaphthalenes present in UCMs and which are toxic to applying Grubb's outlier-test, however visually suspected outliers was marked with a gray ring.
9
The predicted acute fish toxicity data was obtained from Chemprop. The gray ring depicts an 10 apparent visual outlier.
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